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In this note the authors report the ﬁrst case of naturalization of the Malagasy smoke bush within Italian territory. Along
with a description of the abiotic and biotic characteristics of the invaded site, the current demographic and dynamic
trends of the detected population by means of growth-ring analysis was also assessed. Moreover, an overview on the his-
tory of its introduction in Europe is provided, underlining the key role played by the Mediterranean cities with respect
to the acclimatization and spread of alien tropical and subtropical plants. Due to its low frequency under cultivation, the
Malagasy smoke bush should not behave as an invader in the future; on the other hand, its ability to cover and smother
neighbouring trees in very short times, make its spread within the whole Mediterranean area worth regular monitoring.
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Introduction
Nicodemia madagascariensis (Lam.) R. Parker, known
worldwide either with the basyonym Buddleja madagas-
cariensis Lam. or the vernacular name Malagasy smoke
bush, is an evergreen liana that has been introduced
worldwide for ornamental purposes for its showy and
abundant ﬂowering.
Nicodemia madagascariensis is native to Madagas-
car, where it grows with other pioneer fast-growing
shrubs in the inner highlands between 600 and 2000 m
above sea level (Leeuwenberg 2005). Notwithstanding
this ornamental plant has been introduced all over vari-
ous continents and is considered as potentially invasive
on a global scale, there is quite limited knowledge on its
ecology within its native range. It is a common light-
demanding liana in managed forests and agro-forestry
systems (Rakotondrasoa et al. 2012). Recent studies
focused on the dynamic processes of local forest com-
munities recovering from wildﬁres (Pareliussen 2004;
Robisoa 2010) and highlighted its resilience and its out-
standing frequency during the ﬁrst stages of secondary
succession, whereas it is outcompeted by the trees domi-
nating the most mature stages. It also performs rapid re-
sprouting through root suckers after mechanical damage
by cutting and/or trampling (Stock and Wild 2002).
Frequently naturalized outside its native range, in
many tropical and subtropical countries it is regarded as
a major invader of natural habitats (Randall 2012). By
contrast, naturalization cases in European countries have
been hitherto quite limited.
Indeed, despite being cultivated in Europe for almost
two centuries, the ability to escape from cultivation has
been rarely observed, being restricted to southern Eur-
ope. Hence, our recent discovery of a spontaneous
nucleus of this species in Sicily is of some relevance,
because it represents the ﬁrst naturalization case regard-
ing the whole Italian territory.
Material and methods
Apart from providing detailed information about the
geographical (GPS coordinates, altitude, area of occupa-
tion, etc.) and ecological (e.g. past and present land-use,
co-occurring species, etc.) setting of the invaded site,
and reporting the main characteristics of the alien popu-
lation (number of individuals, estimated age, etc.), we
aimed to retrace the history of its introduction in the
Mediterranean area, Italy and Sicily. Lastly, we tried to
forecast its ability to spread in the future.
Part of the research was addressed to understand
the ecological role played by N. madagascariensis
within its native plant community by consulting the
available scientiﬁc literature. More work was dedicated
to tracing the introduction history of the Malagasy
smoke bush from its native range, especially to Euro-
pean countries, to Italy and Sicily. Time is a relevant
component of invasive dynamics because time lags,
from introduction to outbreak stage, can vary widely
among alien species. The main ﬂoristic lists of the
botanical and public gardens, as well as any interna-
tional, national and local botanical and horticultural
texts reporting Buddleja or Nicodemia madagascarien-
sis as cultivated, acclimatized or naturalized have been
taken into account.
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To ﬁll the lack of information on the presence of any
cultivated Malagasy smoke bush mother plant in the sur-
roundings of the investigated population, a growth-ring
analysis was carried out to assess the age of some indi-
viduals of N. madagascariensis and so reconstruct the
population dynamics of the whole nucleus. For this pur-
pose, the two largest mature plants and one with an aver-
age diameter were felled and cross sections were taken
at a height of 5 cm above ground to maximize the num-
ber of available rings. The samples were carefully dried
and polished with sandpaper (grade between 80 and
1000 grains) until the anatomical features related to ring
boundaries were clearly identiﬁed. After sample prepara-
tion, the cross sections were examined under a stereomi-
croscope for tree-ring analysis. The age was determined
for each plant by counting the total number of rings from
bark to pith. For each disc, three radii were selected and
visually cross-dated by matching the pattern of narrow
and wide rings between two plants (Stokes and Smiley
1996).
To characterize the ecological conditions of the study
site, the data provided by the Osservatorio delle Acque
(2015) concerning the monthly average air temperature
and the total rainfall amount from 1980 to 2014 of the
nearest meteorological station located in the ancient
astronomical observatory of Palermo were considered.
Local climate is typically Mediterranean, with a dry sea-
son, which usually lasts from May to August, while pre-
cipitation is concentrated from September to April. In
the considered time span mean annual temperature was
18.9°C, whereas absolute maximum and minimum tem-
peratures were 30.2°C and 8.7°C, respectively. Annual
mean rainfall was 552.4 mm.
Results and Discussion
From discovery to cultivation, from success to invasion
This plant was ﬁrst collected in Madagascar around 1770
by the French explorers and botanists Philibert Commer-
son and Pierre Sonnerat. Some exsiccata were sent to
the Jardin du Roi (later named the Jardin des Plantes),
from where it was published by Lamarck (1785) with
the binomial epithet ‘Budleia’ madagascariensis. It was
not however introduced to European gardens until much
later, as testiﬁed by a French scientiﬁc dictionary of
1822, which states that it was not yet in cultivation
(Luckhurst 2008). Sauvaigo (1899) generally reports
1824 as the year of its ﬁrst introduction in Europe, while
Staples & Herbst (2005) state that it was introduced in
Great Britain around 1825, when it was actually present
in the Royal Botanic Garden of Glasgow (Hooker 1825).
The ﬁrst reliable information about its ability to produce
ﬂowers concerns a plant born from the seeds sent by
Nathaniel Wallich, curator of the botanic garden of Cal-
cutta, to Britain, which ﬂowered in the autumn of 1827.
The event was described and illustrated just 1 year later
by Hooker (1828) in Curtis’s Botanical Magazine with
the epithet ‘Buddlea’ madagascariensis and by Lindley
(1829), who created the superﬂuous later synonym
‘Buddlea’ heterophylla. During the following decades it
was introduced into cultivation in many other European
botanical gardens (Leeuwenberg 1979). Since then, it has
been introduced in almost all the tropical and sub-
tropical regions of the world such as south Asia, North
America, West Indies, South America, southern Europe,
north and south Africa, Paciﬁc Islands, west Australia
and Micronesia (Binggeli 1998; Space and Falanruw
1999; Weber 2003; GISD 2010; Norman 2012).
Nowadays N. madagascariensis is almost completely
naturalized in many tropical and subtropical areas such
as west Australia, south Africa, south China, USA and
Brazil (Leeuwenberg 1979; Li and Leeuwenberg 1996;
Foxcroft 1999; Randall 2002; Wunderlin and Hansen
2002; Schneider 2007), and it has recently threatened
with invasion the disturbed forest ecosystems of many
oceanic islands (Wagner et al. 1999; The Environmental
Conservation Section 1999; Liogier and Martorell 2000;
PIER 2002; Kairo et al. 2003; Beauvais et al. 2005;
Gray et al. 2005; Howell 2008).
History of cultivation in Mediterranean area, Italy and
Sicily
Despite its ancient introduction in Mediterranean Europe,
it has been only recently recorded as a casual alien along
the coasts of southern Greece (Raus 2007) and Malta
and Gozo (Mifsud 2008). Although Leeuwenberg (1979)
observed some Cretan individuals of N. madagascarien-
sis being able to make fruits, 35 years after it still occurs
there only in cultivation (Dal Cin d’Agata et al. 2009).
Also, its naturalization in southern France, reported by
Stuart (2006), remains rather questionable: in fact, nei-
ther the updated ‘Silene’ database (http://ﬂore.silene.eu/in
dex.php?cont=accueil) nor the very recent ﬂoras
concerning the whole country (Tison & De Foucault
2014) and its Mediterranean sector (Tison et al. 2014)
mention it. Similarly, it has not been possible to conﬁrm
its presence as escaped in Libya and Cyprus, as recently
reported by Valdés (2012), and N. madagascariensis is
not even mentioned within a recent inventory of casual,
naturalized and invasive alien species in Europe, which
conversely includes six species of Buddleja (DAISIE
2009).
The ﬁrst record of its cultivation in Italy dates back
to 1840, when it was introduced in Naples botanical gar-
den (Tenore 1840). In the following decade it was intro-
duced also in Lombardy at Monza (Manetti 1842),
Caserta (Terracciano 1869), Cagliari (Beccari 1869),
Ferrara (Massalongo 1897), and in Hanbury Gardens in
Liguria (Leeuwenberg 1979). Borzì (1894) was the ﬁrst
to testify the presence of N. madagascariensis in Sicily,
while the date of introduction reported by Ostinelli
(1910), i.e. ‘Madagascar 1824’, is unreliable as are those
concerning the other buddlejas cultivated at Villa Trabia
(where N. madagascariensis does not occur anymore; Dr
Manlio Speciale, pers. comm.) at that time. For example,
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concerning the introduction of Buddleja colvilei Hook.
f., Ostinelli (1910) indicates ‘1829 Himalaya’, whereas
the species was actually discovered only in 1849 by
Joseph Dalton Hooker, who described it 6 years later
(Hooker 1855). Furthermore, N. madagascariensis does
not ﬁgure in any of the numerous plant catalogues of the
botanical gardens of Palermo and Boccadifalco, which
have been consulted (Gussone 1821, 1825, 1826; Tineo
1827; Gasparrini 1830; Todaro 1858, 1860, 1862, 1868,
1875, 1876, 1877; Borzì 1893).
The use of the plant for ornamental purposes proba-
bly spread throughout the private gardens of the island
between the end of the nineteenth and beginning of the
twentieth centuries: Leeuwenberg (1979) mentions a
sample collected in ﬂower at Taormina by Bornmüller,
who visited the town during April–May 1933 (Domina
et al. 2011). Indeed, the plant is still cultivated there in
the ‘Duca di Cesarò’ city park (Bonasera et al. 2005)
and at Giardino Colonna (Guglielmo et al. 2006a). On
Pantelleria island, it has been introduced in a private
garden near Bagno dell’Acqua (V.1997, S. Pasta,
pers. obs.), where few individuals are acclimatized
(Montoleone 2011–2014) but not naturalized (T. La
Mantia, II.2015, pers. obs.), as reported by Domina and
Mazzola (2008). Moreover, it is present in the public
garden ‘Ignazio Scaturro’ of Sciacca (Bazan et al. 2005),
in the private gardens of Catania (Scrimali 2011). In the
suburban area of Trapani, a huge at least 30-year-old
individual used to grow on the borders of a private prop-
erty at Villa Rosina before its recent destruction (L.
Scuderi, pers. comm.).
Description of the detected population
Nicodemia madagascariensis was found at the beginning
of May 2014 growing wild along a hedgerow delimiting
an abandoned citrus orchard (Figure 1). The population
consisted of three different nuclei situated along the
borders of the natural depression of the ‘Fossa della
Garofala’ at ‘Parco d’Orléans’ public garden, about 15 m
from each other (GPS coordinates: 38°06’25.19" N,
13°21’00.42" E, 43 m above sea level; the labels of three
specimens, collected from the same plant, now deposited
in Paris, Florence and Palermo Herbaria, bear the follow-
ing basic information: ‘E. Badalamenti, 19.II.2015, aban-
doned citrus orchards, southern escarpment of Fossa
della Garofala’).
The ﬁrst nucleus is composed of 10 plants with an
average diameter of 5.4 cm and with an average height
of 6.1 m; the second and third nuclei are each composed
of seven plants with average diameters of 5.3 and 5.1
cm and average heights of 5.1 and 4.6 m, respectively.
In total there are 24 plants that reach a maximum height
of almost 6.5 m.
The Malagasy smoke bush is part of an alien-domi-
nated plant community that has colonized an aban-
doned citrus orchard after the ceasing of local
agricultural practices. Notwithstanding the fact that both
the dominant trees, Ailanthus altissima (Mill.) Swingle
(Figure 1) and Broussonetia papyrifera (L.) Vent., are
able to perform a very fast vegetative spread, they
seem not to have outcompeted Nicodemia, which
instead grows over them, covers most of their crown
and appears to be able to affect the light availability of
the understorey.
Regarding the origin of the nuclei, many of the alien
plants that have been planted in the last decades within
Fossa della Garofala and that grow together with N.
madagascariensis were collected by Prof. C. Laviola in
Mozambique, where the Malagasy smoke bush is a com-
mon cultivated plant. Hence, the hypothesis that some
seeds or some vegetative fragments of this plant could
have been accidentally introduced in those circumstances
cannot be discarded.
Figure 1. Nicodemia madagascariensis (centre of the picture)
showing abundant ﬂowering and smothering Ailanthus altis-
sima, the species bearing brown fruits on the left. Figure 2. Linear distribution of Nicodemia madagascariensis.
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Nowadays, the linear distribution pattern of the
detected population (Figure 2) suggests that most of the
plants issue from the vegetative spread of creeping stems
(Figure 3). However, during our ﬁeld observations we
found that most of the plants produce seeds, but these
are mostly not viable, as suggested by the lack of seed-
lings. Such behaviour is probably due to unfavourable
environmental conditions, since the plant is known to set
seeds in tropical and subtropical climate areas of the
world (Weber 2003), whereas biotic factors allowing pol-
lination and subsequent dissemination do not appear to
be lacking in our study site.
On the other hand, the fresher and wetter conditions
at the beginning of summer and/or the exceptionally
mild autumns of the years 2011–2014 seem to have
increased the endurance of the pollination of the Mala-
gasy smoke bush by prolonging both its ﬂowering period
and the lifespan of its potential visitors (butterﬂies, bees,
bumble bees and ﬂies), captured by its attractive colours
and its honey-like scent. During the ﬁrst observation (2
May 2014), Nicodemia individuals were in full bloom
(Figure 4). Later (21 December 2014), some bumble
bees (Bombus terrestris L. 1758), together with other
insects, such as Xylocopa violacea L. 1758 (violet
carpenter bee) and Macroglossum stellatarum L. 1758
(hummingbird hawk-moth), were observed visiting Nico-
demia ﬂowers at Fossa della Garofala. Bumble bees were
also observed (11 February 2015) at Pantelleria, and
Montoleone (2011–2014) took a picture of Tropinota
squalida squalida (Scopoli 1783) (a hairy beetle) on the
same plants. These observations conﬁrm the long-lasting
ﬂowering period (at least 5 months from December to
May) of the species under thermo-Mediterranean climatic
conditions, as recorded also in Malta and Gozo by
Mifsud (2008).
Once ripe, its ﬂeshy berries are eaten and dispersed
by a wide spectrum of animals: failing lemurs (Goodman
et al. 2006), there are still plenty of birds, rodents and
other small mammals that may disperse them (GISD
2010; Hawaii Early Detection Network 2010). In Mada-
gascar the seeds of N. madagascariensis are also dis-
persed by Columbidae (Hawkins 2013), which are quite
common in Palermo. Also Psittacula krameri Scopoli
1769 (rose-ringed parakeet) could play an important role
(Hawkins 2013). Interestingly, the only other Malagasy
smoke bushes observed within the urban area of Palermo
are those cultivated within the Botanical Garden, some 4
km from the detected nucleus, where an increasing num-
ber of these frugivorous escaped parrots have been pre-
sent for almost 30 years, just like at Parco d’Orléans.
The black rat (Rattus rattus L., 1758), which is very
common within Fossa della Garofala, has already been
proved to disperse the seeds of Buddleja asiatica Lour.
(Shiels 2011).
The seeds of N. madagascariensis can also be dis-
persed by wind (Walker et al. 2006), but in our case this
eventuality can be excluded considering the total absence
of mother plants in the nearby area. Within its secondary
range the seeds may also be dispersed with mud adher-
ing to vehicles or to shoes and boots, or through vegeta-
tive fragmentation.
In our study site, the total absence of seedlings and
saplings notwithstanding the abundant ﬂower production
and the long-lasting ﬂowering season, suggest that sexual
reproduction is still a very rare event, although it seems
to have occurred sometimes in the Botanical Garden of
Palermo (Index Seminum 2009). However, N. madagas-
cariensis is able to propagate via root suckers with
annual shoots also exceeding 1 m in height.
In west Australia N. madagascariensis is still unable
to produce fertile seeds (Stock and Wild 2002; Weed
Society of Victoria 2008), but it has been found to be
able to escape from gardens and to spread over consider-
able distances through vegetative mechanisms. Once dis-
placed from gardens as hays or green wastes, their
vegetative fragments can root elsewhere (Stock and Wild
2002).
Considering the wide spectrum of casual dispersers
(including men) and its ability to overtop native species,
smothering and eventually leading to their death (Starr
et al. 2003), in west Australia it has been included among
environmental weeds (Keighery and Longman 2004).
Figure 3. Adventive roots formed by the creeping stems
reaching the ground.
Figure 4. Detail of inﬂorescences.
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Growth-ring analysis
One ray of the woody tissue of the two largest plants
was completely decomposed forming large cavities.
According to the InsideWood database (http://inside
wood.lib.ncsu.edu/description?13) N. madagascariensis
shows distinct growth-ring boundaries, and diffusive
porosity without differences between latewood and early-
wood was found by Aguilar-Rodríguez and Terrazas
(2001). The investigated plants bore more discontinuous
rings; besides, as the pith was not located in the centre
and the annual growth-ring pattern was rather irregular,
cross-dating was difﬁcult. The estimated ages of the
investigated plants were 18, 22 and 32 years, so the arri-
val of the species in the site of Fossa della Garofala
dates back to the last 20 years of the twentieth century.
The diameters of the samples were 6.5 cm, 7.5 cm and
9 cm.
Concluding remarks
Urban areas may represent, in many cases, the main and
the ﬁrst pathway for the introduction of invasive alien
species, and frequently they are the ﬁrst environments
where the tendency to become naturalized is observed
(Celesti Grapow and Blasi 1998; Thompson and
McCarthy 2008). This is mostly due to the large use of
alien species for the decoration of streets, avenues and
urban green areas, such as private and public gardens
and parks, as well as botanical gardens. Moreover, fre-
quently disturbed and nutrient-enriched urban and subur-
ban sites are known to be particularly suitable for the
establishment of alien plants (Mack et al. 2000). The city
of Palermo, along with its surroundings, represents an
emblematic target of alien woody plant invasion: in fact,
a huge number of alien trees has been introduced during
the last two centuries and more than 12,000 alien orna-
mental trees thrive there according to Pintagro (1999).
Besides, a signiﬁcant increase of naturalization events
has recently occurred there, such as Ficus microcarpa L.
and Cardiospermum grandiﬂorum Sw. (Schicchi 1999),
Ficus watkinsiana F.M. Bailey (Schicchi and Mazzola
2003), Koelreuteria paniculata Laxm. and Washingtonia
ﬁlifera (André) de Bary (Raimondo and Spadaro 2006),
Solanum capsicastrum Schauer (Badalamenti et al.
2011), Schinus molle L. (Badalamenti et al. 2012b),
Melia azedarach L. (Badalamenti et al. 2013) and Ceiba
speciosa (A. St.-Hil.) Ravenna (Pasta et al. 2014). Most
of the above-mentioned species are strictly conﬁned to
urban and suburban areas, where they colonize bare
soils, street borders, abandoned railways, pavements and
wall crevices or other artiﬁcial surfaces; however, some
of them, in particular Ailanthus altissima (Badalamenti
et al. 2012a), have proven to be able to spread from
urban environments to semi-natural and natural areas,
also including abandoned cultivated areas, where their
ecological impact is expected to be far higher. As con-
cerns the invasive potential of the Malagasy smoke bush,
our investigations point out that it is a rare cultivated
species on the island: in fact, it does not ﬁgure on the
most relevant literature concerning both the private and
the public green areas of the most populated Sicilian pro-
vinces, i.e. Palermo (Mazzola et al. 2006), Catania
(Guglielmo et al. 2006b) and Messina (Salmeri et al.
2007; Giaimi 2009). Hence, its low frequency and abun-
dance signiﬁcantly reduce the likelihood of its escape
from cultivation, at least up to now. On the other hand,
considering that its congener Buddleja davidii Franch.
has already shown a remarkable ability to colonize and
invade all the temperate areas of the world (Randall
2012), special attention should be paid to the trend of
the Malagasy smoke bush population along southern
European coasts to avoid its sudden invasion of Mediter-
ranean pre-forest and forest plant communities.
Our efforts to forecast the future behaviour of N.
madagascariensis are biased by the common occurrence
of rather long time lags between ﬁrst establishment and
the starting of invasive processes (Kowarik 1995; Crooks
2005) and because of impressive niche shifts experienced
by many alien plants during establishment phase and in
ﬁrst steps of invasion (Thuiller et al. 2005; Pearman
et al. 2008).
Moreover, ongoing climate warming may not only
provide more suitable climatic conditions for tropical
and sub-tropical species throughout the Mediterranean
area, but may affect the interactions between alien plants,
pollinators and seed dispersers, so changing ecosystem
functioning.
Further investigations are needed on the reproductive
(i.e. pollination and dispersal) strategies and partners (i.e.
animals that act as pollinators and dispersers) of alien
plants, which may play a key role by favouring their
sudden spread.
Applying the EPPO (European and Mediterranean
Plant Protection Organization) proritization process
(Brunel et al. 2010), we suggest including N. madagas-
cariensis in the ‘observation list of invasive alien plants’,
for which a pest risk analysis is not required. In effect,
information is still limited about its invasive behaviour;
indeed, the level of overall uncertainty of the invasive
assessment should be rated as ‘high’. In more detail, in
light of the available literature concerning the naturaliza-
tion process of Nicodemia in the EPPO countries, we
consider its potential for spread as ‘medium’ (A.5). Its
spread is actually very scarce, especially due to its
inability to produce fertile fruits; however, this chance
may occur in the near future and ongoing climate change
as well as diffusion through unintended transport of stem
fragments (Stock and Wild 2002), may be a key driver
for further spread. The potential negative impacts by
Nicodemia on semi-natural and/or natural habitats (A.6)
and on agriculture, horticulture and forestry (A.7) have
also to be considered ‘medium’ because this alien spe-
cies could be potentially dangerous but until now its dis-
tribution range is too narrow to determine effective
impacts. It needs to be pointed out that in the area under
assessment the alien species should be considered as
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locally invasive because of its prominent ability to over-
top underlying species and to reach the dominant layer
of the vegetation. No additional impacts are recorded
(A.8).
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